




















in	 the	 field	 of	 dimensional	measurement	 of	 products	with	 close	 tolerances.
Computed	tomography	is	a	method	that	allows	inspection	and	measurements	
of	both	reachable	and	unreachable	characteristics	which	makes	it	very	desir‐
able	 and	 interesting	 for	 application	 in	wide	 range	 of	 industries.	 In	 order	 to	
evaluate	 the	 quality	 of	measurement	 results	 obtained	 by	 industrial	 CT,	 two	
objects	 with	 the	 same	 geometry,	 and	 made	 from	 different	 materials,	 were	
measured.	Results	obtained	with	CT	were	compared	with	the	results	obtained	
by	 coordinate	 measuring	 machine,	 which	 were	 considered	 to	 be	 reference	
values,	 and	 deviations	 between	 the	 results	 have	 been	 analysed.	 Measure‐
ments	were	repeated	five	times	under	repeatability	conditions.	Repeatability	
is	 expressed	 quantitatively	 in	 terms	 of	 the	 dispersion	 characteristics	 of	 the	
results.	 Statistical	 analysis	 showed	 that	 in	majority	 of	 cases,	 there	were	 no
statistically	 significant	 differences	 between	 measurement	 results	 of	 equal	
characteristics	 obtained	 at	 different	 materials.	 Obtained	 deviations	 in	 the	




















Computed	 tomography	 (CT)	 is	 a	method	 that	uses	X‐ray	 in	 order	 to	obtain	 information	about	
inner	 and	outer	 geometry	 and	 characteristics	 of	 inspected	 objects.	 It	 is	 a	well‐known	method	
and	has	been	used	in	medicine	and	material	 inspection	for	over	30	years	but	its	application	in	
dimensional	measurements	began	only	about	10	years	ago	[1].	 It	 is	a	method	with	a	 lot	of	ad‐
vantages,	which	makes	 it	 very	desirable	 for	 industrial	 purposes	of	 dimensional	measurement.	
Nowadays,	requirements	on	precision	and	accuracy	of	production	are	more	rigorous	and	ever‐
increasing.	There	is	also	a	growing	need	for	measurement	of	objects	with	more	complex	geome‐






















disadvantages.	The	main	problem	for	 its	usage	 in	 the	 field	of	dimensional	measurement	 is	 the	
fact	that	measurement	uncertainty	of	results	is	not	evaluated,	due	to	the	many	influential	factors	
in	the	whole	measurement	process	[6].	This	means	that	metrological	traceability	is	not	achieved.	
In	 order	 to	 assess	measurement	 uncertainty,	 influence	 parameters	 need	 to	 be	 identified	 and	








ments	 on	 reconstructed	 model,	 influence	 parameters	 can	 be	 classified	 into	 three	 subclasses:	
parameters	influencing	the	CT	scanning	process,	parameters	influencing	reconstruction	process	
and	parameters	influencing	measurement	of	the	model	(Fig.	1).	CT	dimensional	measurements	
are	 limited	by	possibilities	of	CT	scanning	device,	as	well	as	by	software	 tools	used	 for	recon‐
struction	and	data	processing,	meaning	 that	operator	has	great	 influence	on	measurement	 re‐
sults	and	measurement	uncertainty	of	obtained	results.	Operator	 influence	 is	present	through‐
out	the	whole	CT	measurement	process,	e.g.	during	selection	of	CT	setups	or	placing	object	on	
rotational	 table,	 choosing	 filters	 in	 3D	 reconstruction	 and	 in	 data	 evaluation,	 and	 in	 selecting	











The	authors	 [8‐10]	evaluate	measurement	uncertainty	 in	several	ways:	according	 to	GUM	‐	
Guide	 to	 the	Expression	of	Uncertainty	 in	Measurement	 [11],	where	 influence	of	 all	 parameters	
that	affect	measurement	system	has	to	be	determined;	with	use	of	computer	simulation	[12]	or	






in	 different	 axes	 is	 significant,	 which	 makes	 it	 interesting	 for	 the	 research.	 Experimental	 re‐
search	 consisted	 of	 dimensional	 measurements	 of	 samples	 with	 usage	 of	 tactile	 coordinate	







The	 idea	behind	 the	design	of	 such	 an	object	was	 to	 create	 an	object	 that	will	 allow	 for	 as	
many	different	types	of	measurement	and	geometrical	characteristics	as	possible.	Since	the	ob‐










sional	 characteristics	were	 observed.	 Those	were	 following	 six	 different	 characteristics:	 outer	
diameter	D,	inner	diameter	d,	cylinder	length	h,	distance	between	two	holes	l1,	distance	between	































Cylinder	length	 h	 89.992 90.066 3	
Outer	diameter	 D	 29.986 30.016 3	
Inner	diameter	 d	 6.010 6.006 3	
Distance	between	two	holes l1	 65.030 64.972 3	
Distance	between	a	plane	
and	the	centre	of	one	hole	 l2	 9.982	 10.019	 3	
Distance	between	planes l3	 24.005 23.932 3	
2.3 CT measurement method  
























Parameter Unit Cylinder	1 Cylinder	2
X‐ray	source	voltage	 kV 90 205	
X‐ray	source	current	 µA 45 130	
Copper	filter	thickness	 mm ‐ 3	
Number	of	projections	 ‐ 1000 1000	
Source	detector	distance	 mm 984.27 984.27	
Source	object	distance	 mm 339.51 339.51	
Geometrical	magnification	 ‐ 2.90 2.90	
Detector	size	 pixel		pixel	 3192		2296	 3192		2296	






In	 order	 to	 estimate	 capabilities	 of	 industrial	 CT	 in	 the	 field	 of	 dimensional	measurement	 of	
products	with	close	 tolerances,	measurements	of	 inspected	samples	were	conducted	using	the	




























	 ̅ݔ	mm	 s,	mm	 ̅ݔ,	mm	 s,	mm	
D	 29.966	 0.006 30.011 0.003	
d	 06.019	 0.002 06.013 0.002	
h	 89.951	 0.020 90.043 0.006	
l1	 65.032	 0.002 64.975 0.001	
l2	 09.957	 0.024 10.001 0.032	
l3	 24.012	 0.015 23.942 0.017	
	
Fig.	7	presents	deviations	between	results	obtained	by	CT	and	CMM	measurements.	Devia‐









terms	of	deviation	 from	reference	values,	were	obtained	 in	cases	when	outer	diameter	of	 alu‐
minium	cylinder	was	inspected.	Measurements	of	 inner	diameter	of	hole	d,	showed	similar	be‐























(which	depends	on	determined	 threshold),	 the	distance	between	 two	holes	 remains	 the	same.	
This	is	why	measurement	of	the	distance	between	two	holes	(or	two	spheres)	is	often	used	for	
scale	 error	 correction	 [20].	 The	 expectations	were	 proved.	 In	 both	 cases	 obtained	 deviations	
were	the	lowest	in	comparison	to	other	results.		
When	analyzing	results	of	distance	between	a	plane	and	a	hole,	marked	with	l2,	similar	behav‐
iour	was	 observed	 as	 in	 case	 of	 cylinder	 length	h,	 despite	 the	 fact	 that	 different	 relations	 be‐
tween	simple	objects	were	observed.	Considering	the	fact	that	l2	is	defined	as	the	length	between	





One	 more	 measurand	 was	 observed,	 distance	 (l3)	 between	 two	 planes	 perpendicular	 to	
planes	 that	 define	 object’s	 overall	 length.	Relying	on	 results	 obtained	 in	 the	 case	when	h	was	
observed,	which	was	also	defined	as	distance	between	two	planes,	the	same	behaviour	of	results	
as	 in	 case	 of	 cylinder	 length	 was	 expected.	 Obtained	 deviations	 were	 positive	 in	 both	 cases,	
which	 is	 contrary	 to	 expectations.	 Similar	 behaviour	 was	 also	 observed	 in	 [10]	 where	 two	




Furthermore,	 the	 standard	deviations	and	arithmetic	means	of	 the	 two	samples	were	 com‐
pared	using	the	F	test	and	the	T	test.	By	applying	the	F	test	it	was	determined	that	standard	de‐














































	 Measurements	 of	 six	dimensional	 characteristics	were	 conducted	using	 the	 same	measure‐
ment	approach	in	both	the	CMM	and	CT	measurements.	Results	were	observed	and	presented	as	







applying	 the	F	 test	 it	was	determined	 that	 standard	deviations	do	not	 significantly	differ	 (p	>	
0.05)	except	when	measuring	the	cylinder	length.	Reason	for	that	can	be	found	in	measurement	
approach.	By	applying	 the	T	 test	 it	was	determined	 that	arithmetic	means	do	not	 significantly	
differ	 (p	>	0.05)	 except	 in	 case	when	measuring	 the	outer	diameters.	Explanation	of	 obtained	
results	can	be	given	through	selection	of	threshold	value.		
	 Considering	 the	 fact	 that	 a	 CT	 device	 offers	 simultaneous	 examination	 of	more	 properties	
(dimensional	characteristics,	material	analysis),	growing	application	and	implementation	of	CT	
systems	in	industry	is	expected.	However,	the	measurement	uncertainty	of	results	needs	to	be	







Capabilities of industrial computed tomography in the field of dimensional measurements 
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